CGEOPHYSI CAL  MODEL OF CREEDE, COMSTOCK, SADO, GOLDFI ELD
AND RELATED EPI THERMAL PRECI QUS METAL DEPCSI TS

COX AND S| NGER MODELS: Conpilers - D.P. Klein
Creede epithermal vein (25b), V. Bankey
Conmst ock epithernmal vein 5250),

Sado epithermal veins (25d),

and quartz-alunite Au-Ag (25e).

ZModel's with related geophysical characteristics (Cox and Singer, 1986): Au-
Ag-Te veins (22b), Polynetallic veins (22c), Hot springs Au-Ag (25a).

A. Ceologic setting (Cox and Singer, 1986)
ZContinental, wusually md-Tertiary, felsic volcanic centers.
ZFaulted, fractured, and brecciated, andesitic to rhyolitic lavas and
tuffs, hypabyssal, porpha/.ri.tic dacite to quartz nonzonite intrusions.
sDeposits occur in the edifice of volcanic norphologic features, often
near edge of volcanic center, or above or peripheral to intrusions.
+Commonly associated with resurgent caldera structural boundari es.
ZComodities: Au, Ag, Cu, Pb, Zn

B. Geologic Environment Definition

Gavity lows are common over thick silicic volcanic rock sequences and
cal drons. e presence of a deep, lowdensity granitic batholith
within the basement rocks may contribute to the gravity low (Ratté and
others, 1979; Plouff and Pakiser, 1972, Steven and Eaton, 1975).

Short-wavel ength nmagnetic anonalies are conmon over volcanic terranes
because of variable magnetizations and polarizations. This pattern ma
contrast with an area of npoderate to intense alteration that wll dispya)é a
| onger-wavel ength low, often linear in the case of vein systens, caused by
destruction of nagnetite. Local highs may be associated with hypabyssal
intrusions (Ratté and others, 1979; Wnn and Bhattacharyya, 1977; Irvine and
Smth, 1990, Doyle, 1990).

Radi ometric highs may occur from regional potassic enrichment
associ ated with volcanism Regional alteration patterns rmB/ al so be apparent
in nulti-spectral remote sensing (Marsh and MKeon, 1983; Podwysocki and
others, 1983; Duval, 1989; Watson, 1985).

Regi onal seismc sound velocity for volcanic sequences are |ow conpared
to basement rock. Seismic reflections are generally incoherent and noisy
because of signal scatter by volcanic |ayers and structure (Hoffman and
Mooney, 1984; MCovern, 1983).

Regional resistivity is generally low for weathered and altered
andesitic to rhyolitic volcanic rocks as conpared to high resistivity typical
of buried intrusions or uplifted basement or carbonate sedimentary rocks
(Frischknecht and others, 1986; Long, 1985; Senterfit and Klein, 1991).

C. Deposit Definition

There are no consistent geophysical signatures to directly identify
epithermal vein mneralization. However, several geophysical characteristics
are diagnostic of favorable structures and alteration. These characteristics
are best neasured using closely spaced ground neasurements (lrvine and Smith,
1990; Allis, 1990; Doyle, 1990; Johnson and Fujita, 1985; ddl eton and
Canpbel |, 1979; Senterfit and K ein, 1992; Zonge and Hughes, 1991).

Gavity highs will be caused by felsic intrusions within flow or tuff
sequences, by structural highs of basement or carbonate rocks within the
vol cani ¢ sequence, or by silicification of otherwi se relatively |owdensity
volcanic rock. Wak, local |ows ma% exi st over zones of brecciation or
fracturing. Wak, local highs may be found over dense silicic vein systens
hosted by nore porous volcanic rocks. On deposit-scale investigations, high-
precision gravity to resolve anomalies of the order of 1 ngal (fo 0.5 rarely)
woul d be required (lrvine and Smith, 1990; Allis, 1990; Criss and others,
1985; Kleinhanpl and others, 1975; Ratté and others, 1979; Locke and De Ronde,
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1987) .

) Magnetic lows will be associated with alteration; however,
di slcrim'nating such lows from the background may be difficult on a deposit
scal e.

Radi ometric anonalies are expected across epithermal veins because of
otassic alteration, which is comon in the upper levels of veins (Marsh and
Keonn, 1983; Pitkin and Long, 1977).

Resistivity highs flanked by resistivity lows are characteristic of a
sinple and idealized quartz-adularia vein S)éstem with associated argillic to
propylitic alteration. However, there nay be gieol ogi ¢ structures and
petrol ogic conplications that distort this ideal picture. Mre generally,
resistivity lows will be associated with: 1) sulfides when concentrated and
connected at about 5-percent volunme or nore, 2) argillic alteration, and 3)
increased porosity related to wet, open fractures and brecciation. Resistivity
highs will be associated with zones of silicification, intrusion, or basenent
uplifts (Senterfit and Klein, 1992; Zonge and Hughes, 1990; Irvine and Snmith,
1989; Allis, 1990; Doyle, 1990, Frischknecht and others, 1986).

H gh induced polarization (IP) will be associated where pyritization
has developed (Zonge and Hughes, 1991).

D. Size and Shape of deposit (Buchanan, 1981; Heald and others, 1987):

El ement Shape Average Size (Range)
Vein system or lenticular, interlaced 3 km (1-9 km width,
district 7 km (2-21 km) |ength,

probably 2-4(?) km
depth extent.

Ore deposit | enticul ar, width and length is
interl aced, highly variable, but a
di sconti nuous fraction (0.2?) of

vein system vertical
extent of ore averages
500 m pal eodepths to
initiation of ore
(relative to original
surface) is about 400
m (200 to 700 n).

Alteration halo symretric with the width is of the order
vein system siphon of 2 or 3 x the width
shape In cross- of the vein system
section, narrow n roughl centered
with depth; cappe linearly on the vein
with siliceous sinter system wider on
that is often missing hanging wal | if
because of erosion. appreciable dip is

present.

E. Physical properties

- Bracketed values are averages. Source references are indexed with
trailing letters. Queried values are guesses.

Property Deposi t Al'teration Vol cani ¢ host
[units] [silicic - A argillic
pot assi ¢ vein] (illite-kaolin )

P. propylitic
(chlporlpt e-m nor
kaol i n)
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Density
(g cm)

Porosity
(percent)

Suscepti -

bility
( cgs)

Remanence
(cgs-enu/ cc)

Resistivity
(ohmm )

| nduced

pol ari zation

P

per cent -
frequenc
effect: PFE )

Sei sm ¢
sound

velocity
(kn's)

quartzite 2.6

2-5?
negligi bl e?
negligi bl e?

high; greater
than 1,0007?

quart2|te 5.37-
5. 63

5-20?
negligi bl e?
negligi bl e?

A low |ess
than 10?

P. low |ess
than 100?

9

| ower ?

100

rhyolite
[2.5]"

andesi te
[2.7]"

tuffs 1.5-2.5%

3-50"" (fig.22)"

rhyo] (|23 e [.3 x

undifferentiated
Tertiary

vol cani ¢ rocks:
(AW|zona) .05 x

10-°- 5 x 107,

(northern

Montana) . [ 0.7
X 10°°¢"?

undi fferentiated
Tertiary

vol cani ¢ rocks:
(Arizona): .005

X 10 - 100 x

10°, (northern

l\/bXntloaz]na) ah11.1

Tertiary

vol cani ¢ rocks
(Arizona): 20-
2,000 ©¥

PFE > 10 with
about 2 or 3-%
di ssem nat ed
sul fides™. Tert
iary volcanic
rocks

<(A%! zona):

wet tuffs:
2.61-3.92;
rhyolite:

[3: 27] 2. 94-
4.90"

vol cani ¢
breccia:

4, 22"
(neasurenents
at 0.1 kb;
anlsotropy is
high (17-26% in
some rhyolites
with >1
(measured 18-
32% porosity.



8. Radi o-

el ement s . .
K (% K. high? K: high? moderate to
U Th (ppm U Th? U, Th, K? Iov\ﬁ?h

U Th ?

F. Renote sensing characteristics
In areas of |ow to noderate cover, renmbte sensing images in the visible

and infrared bands can be processed to identify exposures of oxidized argillic
alteration, and anommlous silicification, although there is considerable room
for non-unique discrimnations for noderate to [owspectral-resolution systens
(Rowan and others, 1974, 1977; Podwysocki and others, 1983; Watson, 1985,
Wat son, 1990, Watson and Raines, 1990). The basis of such discrimnation are
the follow ng:
a) In the visible through infrared wave-spectrum ferric iron, water, and
hydroxyl conpl exes have narrow (about 0.1 pnm) and characteristic reflective
m ni muns between 0.4 and 2.4 pm (Rowan and others, 1977).
b) Silica-rich assenbl ages have enmissivity mninuns near 8-10 wm (\atson and
others, 1990).
c) These reflective and emissivity mininums can distinguished with noderate
resolution (0.1 wum) airborne- or spacecraft spectral scanners.

There are often distinctive spectral waveforms for other mnerals and
m neral assenblages (Hunt, 1989), that require high-resolution (.01 to .001
pn), spectral scanners, currently available only on airborne systens (Watson
and Rai nes, 1989).
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CONTROLLED-SOURCE AMT,
GOLDEN CROSS EPITHERMAL GOLD DEPOSIT, NEW ZEALAND
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Fig. 2 —H ectrical

nagnetotel luric (CSAMI) data over an epithernal
coast of North Island, New Zeal and (adapted from Zonge and Hughes,

resistivity data fromcontrol | ed source audi o-

vein systemon the northern
1991).

Sinmplified alteration map of survey area showi ng the |ocation of electrical

traverse.
the cross-section traversed.
resistivity vs. frequency.

resul ting frominversion of

O Hectrical
D Hectrical
dat a.

section of resistivity vs.
O (O, the high-resistivity (>250 ohm m

B) Sinplified interpretation of the alteration and veining al ong

pseudo-secti on of apparent
depth

silicified zone, bordered by anonal ous | ows (<100 ohmn) forns a prom nent

vertical electrical structur

e.

The andesitic to rhyolitic host rocks show

resistivities varying fromabout 5 to 500 ohmtm
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HISHIKARI EPITHERMAL GOLD DEPOSIT, KYUSHU, JAPAN
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(b) Rter:xsélrv;tey pseudo-section from controlled-source audiomagnetotelluric

Fig. 3 —H ectrical resistivity data fromcontrol | ed source adui o-

nagnetotel luric (CSAMI) data over the H shikari epithermal vein systemin
Kyushu, Japan (adapted from Zonge and Hughes, 1991). (A) Sinplified geol ogic
section across the deposit. B) Hectric pseudo-section of apparent-
resistivity versus frequency across the deposit. The H shikari deposit is
within an active geothernal system Gold nineralization was found in veins in
the Shimanto G oup. The overall lowresistivity is related to rock saturated
with hot-water. Resistivity variations are associated with variable porosity
and tenperature, with the lowresistivity under sounding 18 interpreted as a
primary fracture systemthat continues into the nineralized vein systemin the
Shimanto G oup (Zonge and Hughes, 1991, p. 797).
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